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N HOSP~PARASITE RELATIONS

Overdruk ult de Msdedslinsen van de
Landbouwhogeschool en de Oozoekingg=-
stations van de Staay te Gent, 1965
{Reprint of Regorts from the Ghent Ag-

ricultural College and the Ghent Gov-

ernment Research Statiem, 1965),

Yoi. 30, HRo, 39 rages !336“"52

W.E. Fuchs

The .aterest in the physioclogy of diseased plants
avoked by comparative pathoiogical observation during the
past contury in spite of insufficient knowledge of the
causea of infecticn was set back several decades as a re~
g1t of the study of the increasing number of pathogenic
agents discovered and deacribed and the efforts made &c
suppresa them or to obtain resistant strains through breed-
ing. The attempts mades to explain such resistance or to
open up the way v indirect determination of such resistance
resulted in conclusions that varied from one time to another
almost like the winds of fashion with emphesis being placed
on different parameters at one time or another (osmotic
pressure, pH, etc.) while hardly leading to any deeper un~
derstanding. It was nuot until the increasing difficulti-e
met with in breeding to increase plant resistance to dis~
ease becams apparent coupled with the better opportunities
offeared by the adventages of working systematically with
the further development of plent protective agents that,
in view &lso of the deepsr insight also gained into the
physiology of planis, "there was a new revival of congeni-
tal pathology and the study of predispcaition to disease"
(Braua, 196%¥ bringing to the forefront the physiological
aspects iun the "science of plant pathology" (Horsfall=Di=-
mond, 1962); the pathclogical snalyses of the etiologicel
factors giving rise to infection were undertaken along witk
other analyses, {00, basing on the new advances made in the
theory and methodology of general plant physiology. The
"probiem of resistance" was characteriged by investigat ions
0of the cauees 0f inherited resistance and the possibilities
of induced resistance in terms of specific formulations of
quastions and far-reaching interpretations. One is allowed
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perhaps to ask the question whether such an approuach is

8 good one, pariiceularly since almest cvolusive interest
i8 shown one specific feature of “resistance", namely,
hypersensitivity, because it is the factor that most evi~
dently counteracts or neutralizes the damage caused by
parasites and this generally appears to ogccur in a highly
specific manner. Such a narrowing of the goal that has
been set, often occurring in s not fully conscious manner
or inadvertently readily leads to an insufficient appreci-
ation or to neglect of other types of alternastives or pose-
ibilities which could 2lso have far-reaching effects in
liniting such developments and can also lead to insdmissi-
ble generalization of the knowledge gained about a defin-
able phenomenocn, thereby exaggervatir, its importdnece., We
should not make excessive claims on bvehalf of the specific
concept of resistance that is still only comparative in
terms of description (Fucha 1948) when considering theore-
tiecal mstters. One can hardly conclude that & specific
form of resistance is ihe rule in nature on the basis of
the fact that ac exceptionally small number of infectiocus
diseases appears percentage~wise compared with the total
number of imaginable hogt-parasite relations between high-
er and lower plants (Kué, 1963). Let us put aside the
problem of the host's environuent and consider the rela-
tionship between specific parasites and the varieties of
hosts suited to their peculiarities; then {l..e laborious
work of breeding for resis*ance will show that high re~
sistance and freedom from attack are a really rare phenom-
enon with average susceptibility to attack from a parasite
ocourring in general muclk more frequently than extreme "sus-—
ceptibility" to a pare~it:,

One could ~~ject ag-inst this that one could encoun-
ter a wide variety of strains and stresses that the organ~-
ism would be subjectel to, even by way of cells attacked
at first only indirectly by en infestation or infection and
where they would not have been destroyed, where stimuli
woulid occur that would take effect through "vegetative reg-
ulation of the cell euvironment."” Apart from the fact that
such a reaction is based on other mechanisms than the so-
called "resistance® phencimenon being given such special em-
phasis, the very raising of such an assumption as to tho ex-
istence of such a mechanism automatically brings up the i
question of how at all any parasitic symbiosis is poasible,

First of all we must limit the scope of cur subject.
In a straightforward, literal ssnse parasites are organisms
whe live at the expense of their host, regardless of wheth-
er they are pathogenic or not (Horsfall, Dimond 1962). The
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hopt=parasite relationship has «!ffere~t meanings, though,
aepending on whether we consider the relationship between
the parasite and the host inaividual or whether we consid~
ar the relationship between the parasite and the cells or
groups ¢f cells thai are directly attacked, forming the
basis of the parasite’s attack on the host., From the
first standpoint organism that destroy a part of, the host
plant and nothing more could even be looked on as para-~
sites, From the second standpoint, more in keeping with
& physiclogical point of view, parasites are only those
organisms which develop over a longer or shorter pericd

of time in the still ective, living host cell, even if the
latter is killed by them after some period of time. Our
treatment of the subject concentrates on this line of ar-
gument, In so doing we wish to exclude in so far &8s pogs-
ible all thoge cases wherein the cells are destroyed uponm
penetration by the parasites while on the other hand we
wish to rule out all thoses effects which during the sub-
saquent course of the disease spcead through the organisa
(a8 in diseases accompanied by withering) or which are
differentiated from the attacked or desiroyed areas as
demsrcation reactions. .

Weare therefors going to concentraté on pronounced-
1y biotropic parasites. Such parasites have predominantlv
A narrow range of hosts. They can only "attack" specific
species or families of species that emable them to complete
their development true o type. Apart from the fact that
the perasite must be sble to tolerate the environmernt on
the surface of the host tissue (such as caused hy seore-
tions or excrevion), it must be able to penetrate inte the
intact hoat cell.

Obgervations of movements aimed ai seeking out the
host by motile zoospores in a watery environment have in
all cases clearly shown that directional stimuli are given
off by the host%, setting in motion the process of infec-
tion; diffusion fields of attracting and also repellinfna '
and perhaps also "exciting" materials whose nature is d-
equately known at present. Isolated observatiouns, the most
recent being those on Polymyxa betae by Keskin (1964) de~
scribe the trial contact of the goospores with the hoat
root and suggest that contact stimuli also zropare the way
for the invasion. Motion fictures show that a number of
temporally definable .individual stages of development pre-~
cede the penetration process (Keakin-Fuchs unpublished).
Observations by Plentjes (1959) on Pellicularia filamen- ¥
tosa tand to sudbstantiate the significance of various &
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stimulus patterns during the infection process while 8,
Dickinsons' investigations op rust {1949) point to the
importance of the condition of the surfaces.

It «1ill be necessary to wait for further ana.ysls
of such stimulus patterns., Cecretions of the host sould
play & decizive role .n such patterns with the formation
of such patterns de’ g induced by the excretions of ap-
preaching potentiai parasites for which coavincing evi-
dence is given by Gdumann's group for the orchid combina-
tiva of nmycelium and suckera., Here, too, one should alse
mentiva the "phytoalexines.”

A4 stimulus pattern also regulates the formation of
appressoria or similar organs; the cell wall is then pene-
trated; the actual forces involved will not be dealt with
in eny greater deteil at this point. It is surprising.
though, to see the exiraordinary speed at which Polymyxa
betae is able to penetrate into a root-hair cell within

- @ fraction of a minute (Xeskin-Fuchs, unpublished). In

the end this penetration brings on within the eell an in-
creased streaming of protoplasm, & thickening of the pro-
toplasm, an enlargement and traumatropic displacement of
the nucleus, & reaction picture that has already been ob-
served in carefully scratched or injured cells (Kiister,
$¢27), Ur®-Z.unately still hardly anything at all is
kuown about the alterations in protoplasa fine structure;
it seems, though, that the endopiasmatic reticulum in the
vicinity of the would thickens and that there is a clus-
tering or accumulation of mitochondria and riboscmes; the
pores in the envelope 2f the enlarging nucleus alsc appear
"9 grow larger (Mollenhauer et al. '960), rounding out the
picture of stimulng-conditioned activation, The plcture
could te further rounded out by additional investiga.lons
into the changes in ultrastructure during penetration and
after damage or injury occurs.

The similarities betwesn traumatic and infectiouw
alterations in the cell which in both cases can also be

. radiated in some degrea2 to neighboring cells raises the

question of the differences in the subsequent results of
the reaction induced; after mechanical injury the wound
is mealed by secretion of "wound substance,” a process
that occurs in many infections in the form of encapsula~
tion., After ths penstration of blotropic parasites thie
reaction i1s suppressed or limited (Berlin and Bowen, 1964)
and the demarcation reaction in surroundiag tissuez is

‘also striking. No general defense reaction sets in,

This sxoclusior of the naturel reaction result sppears to -
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me to be the most important indication of susceptibility
to bilotropic psrasites, whether or not the vartner is toi-
erated during the further course of the symbjosis with
symbiosis bhr .e being teken as having De Bary's meaning as
a superioxr concept.

Does the stimulus evoking the response occur upon
penetration of the cell wall that today is no longer
looked upon as being dead, or does it occur later upon
touching the protoplasm boundary layer by destroying the
nicrystructures or charge patterns? This too has yet %o
be explained as does the question about the primary locaﬁ
energy cources and about the ATP [adenosine triphosphate
that is used up by intensive metabolic processes snd its
replenishment; such an activation is indicated, too, by
increased gaseous metabolism e few hours after the infsct-
ious process has begun in potato epidermal cells after in~-
fection with Phytophthora infestans (Tomiyame, 1963),

The first consequences of injury and of psnetration
by parasites are similar., This suggests that the stimulus
generated by the farasitea may be subdivided into a trau-
matic and a parasite-generated componernt. The traumatic
stimulus would be non-specific but could create an activa=~
ted physinlogical condition in the vicinity of the pene-~
trating hypha. Would this be the vrerequisite to the
growth and flourishing of chligate biotropic parasites,
setting up the environment that hitherto could not be
provided outside of the host plant? The parasite-generate
ing stimulus components would go into operation within
thic enviromment, neutraliging the normel course of resti-
tutton or replenishment and making porsibie the subsequent
ar. _ngement. The purely traumatogenic stimulus which cons-
stitutes an injury occurring only once as a single event
should be differentiated from tb~ long~-term, continuing
injury that occurs with the growth and heightened attack
by the parasites.

Before we go on to further follow up thia G-
ment we should ask the question as to whether the multie
plicity of biotropic parasites should be all looked upon
in the same way such as we have more or less done in sum-
marizing our presentation. Basically the results ob-
tained with a single specific model should be gsneralized
and applied to other casez with incremsing cautiousneas
az finer distinoticns are noted among more distinctly dif-
Terentiated materials. It also sppears to be advisable
to diflerentiate among different types of biotropic pars-
aitical symbioses. The simplest case of all and one that
has hardly bdeen studied at all from the physiclogioel
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TEXT NOT REPRODUCIBLE

standpoint ic ¢ '..ed us by the lower Phycomycetes that
live within tho Jlost cell and destroy it practically with-
out preoducing any symptoms; no attempt will be made at
this polint to mention other differentiations.

s

. The nuch-stvediel case offered by Phytophthora in-
festans (Tomiyamsz, 353) gives us an example of a period
of time during wiisn in cases of tolerated host-parasite
combinations tuc purtuers continue to live together for
some time before the host cell begins to show the typicel
pathological symptoms of deterioration, the less the tol-
erance between host and parasite the sooner they die off.,

A In tolerated combinations of Peronospora, Uredinea
- and also Erysipclothrix there is a long—lasting stage free
e of symptoms or characterized only by disturbed cohavita-

{77 tion. It appears that the final death of the host cells
oo 0 48 due more to starvation than to any actual conflict;
. many of the rcopresentatives of both of the first two fam-
- L11les mentioncd ore able to live on for a long time with
- the host in a harmonious patholozicel condition for the
. most 't accompanied by hyperplasia of the host tissue
= but there is neivher time nor space to go into any further
- details a% this point.

We will linit ourselves to the question of whether
the diffzrences cutioned in the course of cohabitation
between Phytopntior: infestans aad, for examplc, Pucecinia

- greminis, and coricsponding cells of their host are to be
-~ attributed to basic differences in metabolic relations
 (the problen of dificrent reaction standards in leaves and
- stems that also ~pulics to Phytophthora [Fuchs, 1961 is
~not considered at this point). This is further pointed to
. by the observation that in the first case differences in
“i - the toleration shown by different combinations of species
- and varieties can be readily explained on the basis of
4ifterent rates of speecd of similar processes (Miller, ~
~1938; Tomiyama 1956) ard in the second place by the fact
that it is hard to raise any objection to it, which we
cannot go into at this point. o S L
. Are the differonces to be found only in tie appar=-
_,;nxig_still specific demands made by the various rusts
. wWhich are still looked upon today as bein§ obligate big=
-trople paresites (as well as other physiolo

~of basic differences in the powers of attack? It remains
an open question whethexr the newii discovered ocspability
- .of Phytophthora infestans to break down nucleotides (Page,
7 '1964) eould directly substantiate such'a difference as

-6
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lonz as no ciudy irs o 7ot bDeen made ¢f nucleotide meiab-
olisn in dicsecaced tissue and as long as we remain unsure
whether similar capability is to be found or not in the
rusts, for example.

. If we resort to physiclogical-biochemical investiga-
Yions of host-parasite combinations without following up
and going through all of The blind alleys in the maze of
possibilities involved in mevaboliec processes then we will
still even today run into what are still almost insuper-
able difficuities.

The alterations that occur in a short time after
penetration of a parasite can hardly be identified or re-
corded because the portion of the disturbed tissue affect-
ed is too small a part of the total mass of the leaf. T-e
differences between diseased and healthy tissue noted dur-
ing later stages of their shared existence can hardly be
attributed in anr clear-cut manner to either one or the
. other of the par-.ers and we must delve much deeper into
this ouestion. ..ven the early consequences of "eusymbiot-
ic" (about orz v three days aiter infection) and "dyssym-
biotic" stases o development of their commonly shared
life brouzhv avout in rusts, for example, due to differen-
ces in suscentibility (Roemer, Fuchs 2ud Isenbeck, 1938)
and due o displacement of metabolism (Sempio, 1938) cause
a basic cift to occur in the relationship to the uninfect~
ed subject of comparison.

imost investizatione are carried out for obvious
reasons with somewnat concentrated inoculations. &ven
observation witn tie naked eye shows that individuzlly
isoiated rust pimpies develop more strongly than densely
packed together rust pimples that compete with one another
in the focus c¢f infection. The alterations that have yet
to be desceribed are almost unquestionably also conditioned
by the dunsity of the infection (Heitefuss and Fuchs, 1962)
(Lunderstddt, 1964). No further explanation is needed for

she fact that the metabolism of the host will be different-

ly affected depending on whether the infection is widely
scattered or deneely concentrated. A greater distinction
should therefore be made in the future as to whether the
change in metabolism is really due to a genuinely parasito-
genic aiteration of metabolism or whether the chanze is

vue to the total load on leaf metabolism caused by the den~
sity of infection, leading to an earlier or more rapid al-
teration and the resulting conseguences.

Failinz to take into account the dilficulties men-
tioned chbove one finds general agreement on the whole

-7T-
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among meny Gifferent investiisze*tions (Shaw, 1963) with re-
spect to the following alterewions arising due to infec-

tion while raintaining in so far as possible the same en-
vironmental cocditiens:

1. The increzse in respiration that occurs.

2. The increase in the share of direct oxidation
compared with the HiiP (hevosemenowvhosphate) route in the
increased conversion of sugur ¢cupled with a simltaneous
increase in the pyridine nucleotide level and, above all,
of the WADPH [abbreviation not explained in text] level,
too (Rohringer, 1964) and a redox potential that is shift-
ed towards the reductive end (Xaul and Shaw, 1960).

5. A shift among some of the acids in the tricarbvox-
ylic acid cycle (Siebert, 1361; Rudolpn, 1963; Von Sydow,
1964 ).

4. The increased synthesis of protein and aromatic

cenpounds which mostly discussed straightforwardly as such
and only questionably af "phenol bodies.!

These alierations have an inuer ~orrelation. They R
make it possible to determine the existence of infection ‘

-on the second or taird day but they do not reach their

maximums until towards the end of the dyssymbiotic stage
at the time of spore eruption excepting protein‘synthesis

~which subsides earlier.

This standard reaction ":resembles essentially the
features of traumatogenic nmodificatiuns” (Fuchs, 1961) as
has recently been demonstrated for the first enzymatic
stepa alons the HNMP [abbreviation not explained in text]
path (Farkas et al., 1964). This shows on one hand that

‘the plants veact a2long the lines of a somewnat coordinated
- .. program cvon under a wide range of different stresses,
. the differcnt ramitications iaikern by such reactions bdeing
. attridbutadble to different hereditary constitutions while
- on.the ovher nand raising the gquestion of whether and how
& parasiie can intervene guantitatively and quaiitatively

to produce a regulating or controlling effect within this

. framewori. Pernaps in case of infection, tco, the basic
- modifyir; erfect should Le subordinsted to a trauzatic
‘stimulus component. It appears to us today, though, that

one carnot admissibly "equate the reaction to infection

.v,completely with treumatogenic alterations® {(Puchs, 1961).

3 The increased respirstion is not the outcome of
any decouniing of oxidational phosphorylation (Shaw, 13963)

- as had lotg teen incorrectly assumed. The.discovery that
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3 ing tae neriod ol greatest resp'r;tion
otzd the exisyence xnot only of an increased nucle-
otide level out @lico of a aigher A’P/LD” ratio (adenosine
sohete/suenosine di-iocpante) (Heitefuss and Fuchs,
¢ing confirmed ovor ard over again,

“re increassd speciiic :CT;?*uj, partlculgrly of
ATP (Heitelass, 1904 ané w..aciished) tends to substanti-
te the existcnce of 2 rapnid con"erslon of ernergy-rich phos-
ponate which 2lso occurs in the witooken incorporation of
prosphase in ot.er metabolites wiichh cannot be dealt with
in detail at tiis point (Heitefuss and Fuchs, 1901; Heite-
fuss, 1904&; Quick, aceordinz tc Smaw, 1963). There still
remains open the p0551b11¢u1 o a space~occupying intensi-
fication cf the endoxidation associaited with the tricarbox-
ylic acié cycle in spite of the increasing wroportion of
the miP-route. One cannot rule out participation by photo-
synthesis in .ilP-forumation in the area around the field of
infection (DJrro-er, 1904). In any case this would nrovide
the necessary energzy requirements Ior further syntheses.

The irc.2aced direct oxidation (HMP) may provide the <
pecessary nutricats and tais nay obltain additional support
from the ircrcased acwivity of the enzymes mediating the :
first stens lunderstdds et al, 1962; Xiraly and Ferkas, S
1962). e guic’k rise in uexokinase aciivity (Lunders+adt :
et al. 1902, Lunderstadt, 1964) inat has been confirmed
(Lunderssiut, in press 1995) could act as a starter.

.. Transitory preIWﬁ;nhry rise in glucose-~6-nnosphate
dehydrosenase activity couid be associcted with the in-
creascd ascorbic acid level, the significance of waich we
cannot deal with here any more tnan with the possible re-
lationships with incolyl acetic acid metabolism (Shaw, E
1963).
The unusual later increase in the activity of the
HMP-nath enzyces corresponds to tue enrichment of these
enzymes in the rust ratner than to any metabolic exchange
or i?»e*rg¢auionship between the pariners {hoet and para-
site). ‘

hign e

The new synthesgis of ens mes corresponds throughout :
to the increased protein content of infected tissues (Show 7
and Colotelo, i°"3) as does the appearance of new iso-en-
zyues (malic dekL_arogenase!) (Staples and Stahmann, 1964)
and one can be sure that similar findings can be expected
in cornectiorn with other enzymes. It should be smphasized
that this Xind of synthesizins activity is directly attrid-
utable to en increase in the REA (ribohucleic acid) cortent
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(Rohrinzer and Heitefuss, '» . ' and specifig activily {Hei~
tefuss, 1967) in the nuciei. Litney et al., 1962). . Quan~
titative difrerences in to: wiconucleic acids are suggeated
(Wolf, unpublished).

the increased rormaiion of "phencl bodies" end the
accumilation of their oxidasiisn produets has already long
been neld to be & valid indicuvion of hypersensitive intol-
erability (Farkas and Kiraly, 19562). + should be loocked
upon, though, as a somewnat winspecific symptom or acconpany-
ing phenomenon associated with necrobiosis afier various
heavy siresses (Roemer, Fuchs, Isenbeck, 1638). 1t also
appears in non-necrobiotic tissue affer injury as well as
prematurely in compatible infection, for example, as the
synthesis of aromatic amine acias (Rudelph, 1963; Von Syd-
ow, 1964, etc.), as aromatic acids, cowmarin, etfc. it is
inadmissible, though, to use the overall designation,
"phenol bodies" on the basis of group reactions (Sondheim-
er, 1963), & habit that is all too easily acquired; the
‘paysioclogical significance of very closely related come-
pounds can undergo funuvamental changes (Sondheimer, 1963)
even though having the same basic siructures because the
kind and distribution of the various substituents can aiso
vary over a wide range aiad the given proportions of such
compounds existing at any one time can also bring about a
Gecisive shift in the effects on enzymes, for example.
Considering the mul :inlicity of the possibilities for in-~
tervention possessed by trese naterials and their prelim-
inary stages as metabosites and anti-metabolites in various
types of enzyme systems occupying key positions in metabo-
lism and the fact that clusiers of similarly constructed
but physiologically different substances come into being
in pathological reactions, some reservations and restraint
would appear to be in order in the discussion in sapite oI
the large amount of data that has been accumulated and the
many atiempts to explain its significance; this is all the
more true since the question of the syntheis routes in
higher plants has not yet been completely cleared up.
Both the traumatic and the strictly parasitic components
c¢f the infectogenic stimulus give rise to a multiplicity
of syntheces and allow apparently dormant paths to be
travel~A. This is also brought out by a clear example
that generally has nothing t¢ do with so-called "phenol
bedies;" one of the keto-acids found in the Brassicacea
that wer: investigated ror the first time only after they
had been infected by certain biotropic parasites giving
rise to hyperplasia (Nielsen, 1960) was also to be found
in demorstrable quantities in healthy Brassica kaber
(Nielsen, 1963). ..
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We also look uzsn the formation ¢f phytozliexine
= . (Cruickshank, 1965) as anotaer expression of such astiva-
U8 tion of dormant potentisl Iox synthezis; ite formation is
i actuated not only by verious attzcking orgzaisms but alse
as a result of modiiizd ftraumatic attacks and ie not dd-
rectly tied ir with necrobictic processes it would seem. ]
Its basic struciture seems to be chnaracsteristic for specifie. 30 ]
famiiies or species; it should therefore be taken intc ac~ ' B
count within the iramewvori ¢I chemcitaxonomic considera- .
tions., It is clearly siimiricant in the determination of -
the range of aosts, judging by ths lowv seunsitivity of pea E
parasites tu pisatin, orf bean parasites to phaseolin, etc. :
{Cruickshank, 1903). It would appear %o us guestionable
whether they have = cdecisive effect in deteramining finexr
differences in tolerability.

Breaking ¢If at this poiat in cur fragmentary sketch .
of certain physiological relationships, the question of ;
tolerability should be briefly zentioned, hypersemsitivity, S
the specificity ¢ which wizi.: respect to various species N
is reguiated through mutual adaptation of host and parasite ) :

~f§ ) {th2oxy of the corresponding gene, gen-for-gen hypothesis; o2 ,
o Flor, 1959; Rohringer et si., i1962). In the sense of an - Ly

all-or-nothing desision the question comes up as to why the
metabelic trocessegs are finally suided into variocus chann- L
els only after some consideravle time has elapsed since the :
onset of infection vhich in one case may permit a tolerated
development of the narasite while in another c¢ase it may
lead to degeneration of the affected cells whereupon the
parasite ceases its growth and dies. A number of investi-
gations agrees on the fact that temperature changes can
deternine the subseguent course of the reaction during the
first three days or so ’Radulescu, 1933}; this indicates
that the first physiological arrangements to taske place
immediately after the onset of infection are unstable and
readily influenced. Later on ti:ic normal course ¢f the re~-

action has already been predetermined and in case of in- }
tolerability it proceeds in a4 similar way or in ths same ;
way regardless of vhether the final resulil has been deter- ;

mined by specific combinations of species or varieties or
by temperature effects (Heitefuss, 1964). Neither does
the nature of the infection play hardly any part in- the
outcome. The reaction is determined by a still unex~
plained first or primary process; nost of the reversal
processes hitherto described fail %e¢ show such an outcome.

XQ As a precaution the question should be left open as %o
R the extent to which the "phenol bodies" that have accumue-
" lated tao a certain degree should be identified with the




pug;nningw ol o torcrated course of infcetion; character-—
lotic of these bodaies is their subsequent oxidation and -
coadensation accompanied by increased "phenoloxidase" ac—
TLVity, @ special problam (Ferkas-Kiraly, 1962, etc.) that
ve nust also pass cver at this point like also the quest-
ion of the biocaemical chanses that take place during the
Tinal stage of asscciation beiween host and parasite; in
our opinion taey contrivute very little to any understand-
ing of the primary and hence the decisive reciprocal ac-
tion, .They are exclusively associzted with the meeting

of two penotypes each or wiiich is capable of forming tol-
erable combinations with other genotypes.

*  Differences in the coantent of materials on hand be-
fore infection or producea subseguent to infection in the
host and parasite offer no basis for explanation of such
differences; here, then, we would have for the most part
only slightly plausible working hypotuneses that only have
the effect of pushing the vrue problem into the back-
ground. This also applies to attempts to find an inter-
pretation on the basis of increased enzyme proteins or
phytoalexines, even though the accumulation of such pro-
ducts locally (Zor enzyimes generally in sweet potatoes,
Stahmann and weber, 1964; for phytoalexines, Cruickshank,
1963) can ~ive rise to broadly efrfective protective barri-
ers against cecondary infections.

In closing, three questions remain to be discussed:

-

t. Interpretaction of the changes that have been
described to occur in the parasite and the host and in
their ticsues.

2. Tae question of the meaning of a receptive con-
dition.

3. The cuestion of the informetion triggering the
different reaction patios.

Both the nost and the parasite participate in the
transformations mentioned. It is not easy to estimnte
the extent to which each particirates; one can be sure
that during the course ¢ their association there is a
shift to the venefit of the parasite which during a later
stage accurulates a large part of the photosynthetically
assimilated C14 as shown by automatic microradiography
tests (Von Sydow, 1964) as well as other activities re-
quiring nourishment (Shaw, 1965, etc.). The difference
between the tissues in the infected area and intermediate
uniniecved tissues did not turn ocut to be as great in the
automatic radiographs as previous investigations would
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hove lea one to believe, perhaps due to the relatively
time at which the readings were taken. One notes around
the points c¢f infectlion an? less clearly around injured
arcas tnat a chonge takes place in the tissues which
stends out particularly clearly as "green islands" upen ;
yellowing of the leaf; it then gives the impression that i
they draw their sustenarce from the surrounding cells 3
(Roemer, Fuchs snd Isenbeck quoted by other sources). Ia : g
these apparently alisred areas free of fungus hypha the
phetosynthesis activity persists longer and starch (Vanyg,
1961) anc ATP (Thrower, 1964) accumulate in specific zonw
ing arcas; the shift in the ATP/ADP ratio may perhaps be
correlated with this fact. Thymidine (Staples and Ledbet-
ter, 1960) and cytidine {Nielsen and Rohringer, 1963) ars
favored or vredeninate in the host cells or thelr nuclel .
in these areas; there is an increase in the RNA level (De:
la Isla, unpubliished). aver since the first proofs were
iven of the accusulation of P32 a2t points of infection
(Gottlie: and Garner, 1946) numerous investigations of the

LA IR o e s

~ -most v 7 kinds ueve shown these areas to be a "dominance
- afeld” .o end Hawkins, 1958) acting as a point of at- X
’ trretion Icr the saccharose in assimilable form in the &

leaves (Vor Sydow, 1964) as well as a great varicty of -
other materials from other parts of the plant (Shaw, 1963). R
There 13 a reversal of the flow of materials in competi- . : -
tion .0 the vegetation cone and meristems (Daly, 1363, , S
etc.), a darain that is brought about by the activity of :
nearby organs and the uptake and intra-plant distribution

of P32 and other materials, too (Shaw, 1963). The paral- ;
lel with kinetin-induced ccnters of attraction is frequent- Co
ly mentioned. This analogy does not however seem to us to ]
fully explain the green-island-phenomenon. ;

The discovery that kinetin and benzimidazole !Sam=
borski et al., 1958, etc.) are able to re-establish the a
capacity for synthesis in the aging leaf in intolerable ¥
host~parasite comhinations that retain the reaction noxm ’ ‘
(or re-establish it when broken by various effects) is im-~
portant substantiacvion of the concept of the physiological
similarity of infected and aging tissue (Shaw, 1963; Far-
kas et al, 1964); certain similarities in the course of
earlier discussed metabolic processes also tend to substan-~
tiate this idea. We talke sn opposite position with respect
to this idea for the precent with some reservations. Most
of the ideas developed abcut the physiology of aging in
connection with the study of ripening fruit should not bve
carried over and applied unquestionably to other organs.
Important processes of synthesis go on within the favored
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Gnlocausing it to age raster
_ : inoculatvion. This prevents
oue Lrom connidering o superiluous the question of wheth-
catoenls rapid ooing .oy not be more a consequence of the
Lnvenslty of inxeetica thin ol any conflict between host
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&n@ parasite.  Yustnermnore inieeted leaves can be distin-
guioned Trom natural.y asing ones also by the fact that
when In compesition wiin actively growing tissue it draws
riaterlals to itselfl instend of giving them up; analogies
drawn to the Cindiuzgs what have been made and which could
easily lead ore astray should first be made the subject of

ditierenciaitcd formulations of the guestion concerned for
furiher zpnaiyslis.

The problem ol suoe nost’s sphere tnat still requires
rmuen More analysis or the sueciric form of expression oc-

curreing on invasion oy ooligate biotropic psrasites such
as rusvs will oo oo taken up in any greater detail here;
wWe &SBWaE T w.ie penetration of the parasites into the
hos% cell {unwes some con.itions also orougnt avout by a
chemical szinulus emanatin fiom the nost cell) creates a
trowna tliav zovivates tne nost and makxes it receptive to

a pathosenic stimulus that distu-bs the normal course of
healing oi the wound; it enavles the host to convert a spe-
ciric inrormation receivea rrorm the parasite into a specif-
ic comunznd controliling metabolism; receptiveness to such

a stimuius would ve tne lost requirement for further com-
mon association Letwewn noss and parasite. Specific influ-
ences that oring coout successrul infection and favor a
tolerated associzticn between no0st and parasite (in a simi-
ar way to the influcences that irritate injuries such as
precisely applied, ron-damaging temperature treatments,
etc.) could give added weight to the importance of a non-
specific acvivation as a prerequisite to cooperation or

interaction between host and parasite. The recently deter-

mined breaikins dovm of host specificity gives rise to fur-
ther thouzhss in this direction. Careful injury, previous
infection witn Uromyces (see also other older observations
on the enccursgement given to yellow rust when Tilletia
attack is ¢oins on (Dillon-Western, 1927) and brief warm-
ing of a leaf enabled Phaseolus to become infected by the
untypical .rysipne mildew (Yarwood, 1963). An otherwise
impossiblic iniection of wh@at by barley mildew is said to
have occur. :¢. togethner with wheat mildew in a mixture
(Mosemann wnd Grely, 1964). A& material that is formed
after hect ircaitment is said to be able to transfer untyp-
ical reccozivity to other plants (Jarvis, 1964). Even
with all w..c reéoozvations that could be brought up a2gainst
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this confirmation of similar attempts by Salmon (1906)
which had hitherto failed to appear during all these
years, the question still seems to be oper. It is con-
ceivable that for still unitnown reasons it may be possible
to bring about a condition in the host through previous
infection or wther conditioning by a congenial parasite
whereby an uncongenisl parasite could take hold, perhaps
in keeping with tne hypothesis developed by Rubin and
Oserezkovskaya (1959) to the effect that tolerated growth
requires that the host should be able to adapt its meta-
bolic condiftion, meking it similar to that of the parasite.
Even a non-specific stimulus in the direction cf synthesis
activity couid contribute towards such an end.

It is still not possible today to give any concluse
ive demonstration by way of experimentation that such a
hypotiiesis is true but it may, perhaps, be demonstrated =
in the near future. According to first investigations of
the ultrastruciure around the edges of rusthaustoria (Ehr-
lich and :hrlich, 1962) the latest pictures of Albugo can=
dida (Berlin and Bowen, 1964) not only show gland-like
structures forming a "secretory system" in parasites vut
also abundant tubular and vesicular structures in the cyto-
plesm of the nost in the vicinity of the haustoria ends

together with an enrichment of ribosomes characteristically -

associated with metabolic activity; this suggests to the
author the idea that the possibility of life for biotropic
parasites "depends on the secretory mechanism of the host
which is specifically triggered by the paracites"; being
picked up by those cells that are excited by the traumatic
stimulus components such an induction could perhaps be
passed on to the neighboring tissue in the green-island-
area in a form modified by the metabolic situation, trig-
gering the chein reactions described; just as a second in-
fection of potato storsge tissues gives rise to non-specif-
ic defense by synthesis of enzymes (Stahmann and Weber:
Stahmann, 1§b4) or the formation of phytoalexines (Cruick-
shank, 1963), which, though non-proteins, should be looked
upon as interferon (Atanasoff, 1964). It would be worth-
while o investigate whether any such protein may play a
significent pirt in the%itherto but little investigated
cases of "recovery" or latency of fungus infection, also

- perhaps in cases of gall formation induced by fungus. The
assunmption of inducea enzyme formation appears to us to be
more appropriate for plant subjects than the idea of antie
body formation in the sense of immunity reactions of sers
(Stahmann, 1964).
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_ws3lLyowe gcome up with tine guestion of the decisive,
controi;lmg indormation; this should be seen from two diff-
qrcnt standpoints, namely, on one hand as a controlling in-
flucnee that enavles the infection to take hold and on the
other hond as a complementary instruction bringing about
toleravility or .iarmony bLetween host and parasite. Both of
them require that the host cell should be . susceptible to
the infornation; if this is not the case then the general
defense mechanism remainc intact as the sole response to
the attack, wiaatever form that mechanism may be thought to
take. Snecific syntheses are triggered in the receptive,

~activated cell. If one admits that it is possible for the

system of regulation to be effective along the lines pre-
‘sented by Jacob and Monod even in the interrelationships
bctween the cells of host and parasite in close contact
with each other (Flangas and Dickson, 1961) then one could
develop hypothecses that present a plausible picture of the
cohabitation of host and parasite and of the. differences
in tolerability (Heitefuss, 1964). The ultrastructures
admit of the formulation or conception of such regulatory
units even if it appears perhaps premature, identifying
"regulator genes" with resistance genes (Laubscher, 19 3).

One can do nothing more than philosophize about the
basis of the exchange of irformetion. If it is possible
that an exchange of primary information carriers takes
place then is the informetion transmitted by RNA messen-
gers from cell to cell, are there, then, only specifically
acting reaction products which intervene efficiently in
the metabolic interactions between host and parasite or |
do lesser changes take place in reaction rates or in the -
gradient of material to bring about a decisive reversal
or transiormation of metabolism? The specificity of the
receptivity and tolerability relations suggests the:idea
that the primary decision as to the course of the reaction
in the parinership of host and parasite does not require
any long, round about path. The undeniable similarity of
the changes in netabolism that have been described to date
under the wides® variety of sitress conditions all points
in the same dirention. ‘ :

The many and various complications involved in meta-
bolism depending on both heredity amd environment, the qual-
itative and quantitative possibilities of variation of
which cannot but be vaguely imagined considering the ne-
cessarily largely isolated individual investigations of a
subtle nature oifer a broad field for research together
with the ceniral information problem. Successful treat-
ment of these problems often requires even deeper

- 16 -



knowledge of the physiological interchanges that go on
within healthy plants than we possess today in spite of
all the progress that has been made in understandaing the
basic modes of reaction. Ve would point out with some
measure of melancholy hindsight the earlier, simpler at-
tempts at finding suitable interpretations; now the prob-
lem has been pushed back into the molecular area; plant
physiologists and pathologists hope that further research
will do more than provide a deeper understanding of path-
ological processes; perhaps it will also point the way to
better treatment, & problem that we have made no attempt
to discuss in this paper.
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